Abstract: New development in the recent study of condensed phosphates was described in the fields of synthetic process of newly prepared short-chain origophosphates of tetra-, hexa-and octaphosphates, industrial preparation process of ammonium polyphosphates of phases II, V and VI as well as their flame retardation effect, and preparation of proton-conductive phosphate glasses as solid electrolytes.
INTRODUCTION
Phosphates and condensed phosphates have been used widely in industrial fields such as detergents, chemical fertilizers, food additives, biomaterials, electric and electronic materials, glass ceramics, flame retardants, etc. The wide application fields are due to the special properties of phosphorus-oxide compounds. 1 4 In this paper, recent development of condensed phosphates will be described according to experimental results obtained by the present author and coworkers.
First subject is development in the preparation of condensed phosphates. Among condensed phosphates, short-chain oligophosphates of diand triphosphates as well as small-ring phosphates of cyclo-tri-, cyclo-tetra-, cyclo-hexa-, cyclo-octa-and cyclo-decaphosphates have been prepared. According to our recent study, short-chain oligophosphates of tetra-, hexa -and octaphosphates have been prepared by the hydrolytic process. Second subject is the preparation of ammonium polyphosphate (APP) and its use as flame retardants. APP has six crystal phases of I to VI. Phase I can most easily be prepared, while other APP phases are difficult to prepare, especially in factory scale. In this paper, our new preparation process which can be applicable in a large scale will be described. The flame -retardation effect of APP to organic polymer materials will also be shown in the same large scale production in a factory. Modification of heating process of APP for the preparation in a large scale would be useful in commercial treatment for the production, and present author and coworkers modified the heating process for preparation of APP phases II, V and VI by using soft and easy reaction system.
(1) PREPARATION OF APP PHASE II 14 17 According to description about the transition of APP phase I to II, the following transition mechanis m was proposed.
14 ,15
APP phase I à Amorphous APP
Step I à APP phase II
Step II
The phase transition process of I to II requires f. Concentration of aqueous ammonia, 1 to 8%.
Average particle size of the phase II APP prepared according to the process was about 7 to 10 µm.
(2) PREPARATION OF APP PHASE V 16 18 Preparation process of phase V APP written in a previous paper is not useful to a large scale production in a factory. 12 Present author tried to Flame retardation effect of APP phases II and V was examined and the result is shown in Table 3 .
Average particle size of APP phases II and V tested in this experiment was 12.6 and 3.0 µm, respectively. APP phases II and V showed flame retardation effect to PE and PP. The effect was higher to PP than to PE, and phase V showed a larger oxygen index than phase II.
PROTON CONDUCTIVE PHOSPHATE GLASS
From environmental view point, energy resource should be transferred to clean substances from fossil fuel in the near future, because fossil fuel is producing air pollution and the problem is considered now to be very serious. Hydrogen is a very clean energy resource because the substance produces only water when it is used as fuel.
Accordingly, hydrogen would be one of the most important substances as fuel in the world to build up sustainable society.
Recently, it is very much interested to develop a fuel cell because the cell can produce electric power from chemical reaction energy of the following reaction:
The cell device needs proton-conductive substances to produce electric power from the cell according to the above chemical reaction. There are several types of fuel cell shown in Table 4 . 
